The strength of the Arctic lower stratospheric polar vortex is examined for the last 16 Arctic winters. Potential vorticity (PV) gradients, calculated from area-integrals of PV, defining the vortex during the 1992-1993 winter were anomalously strong and persis-
1. The analysis is based on area-integrals of PV [Butchart and Remsberg 1986] which show the overall time evolution of the polar vortex. We examine 1 December through 30
April, for the 1978-1979 through 1993-1994 Arctic winters.
Some diagnostics of air motion are shown for the 1991-1992, 1992-1993, and 1993-1994 winters, calculated from the 3-d trajectory simulations described by Manney et al. [ 1994b] . Winds from the United Kingdom Meteorological Office (UKMO) data assimilation system [Swinbank and O'Neil] 1994 ] were used for these. Comparisons of UKMO and NMC fields show very small differences in PV gradients calculated from each in the lower stratosphere [Manney et al., in preparation] ; Manney et al. [submitted to 3, Geophys. Res. ] showed area integrals of PV calculated from UKMO data, which strongly resemble those shown here calculated from NMC data.
Results
Figure 1 shows area-integrals of PV on the 465 K (=50-60 hPa in high latitudes) isentropic surface, for the 1978-1979 through 1993-1994 . Geophys. Res. ] for 1978 through 1994. AS described there, a relatively cold year is followed by a relatively warm year, followed by one which is in between. Those years identified as "warm" are in the left column in Figure 1 , and the correspondence of higher minimum temperatures to a weaker lower stratospheric vortex is generally seen in weaker PV gradients (especially 1987-1988) and/or a smaller polar vortex (especially 1984-1985) . The "cold" years in the right column of Figure 1 include most of the years when PV gradients are strongest or most persistently strong, the most dramatic example being 1992-1993.
Major stratospheric warmings occur during a number of years, including events in February 1979 , February 1981 , January 1985 [Andrews et al. 1987 , December 1987 [Baldwin and Dunkerton 1989] , and February 1989 [Fairlie et al. 1990] . Although the strongest effects of warmings are in the middle and upper stratosphere, most events also produce an abrupt decrease in vortex size at 465 K, followed by a weakening of the PV gradients. The most dramatic example is in 1988-1989, when the February major warming led directly to a very early final warming. In 1991-1992, effects are seen of a nearly major warming in late January [e.g., Manney and Zurek 1993] . A virtually major warming at the beginning of January 1994 had a profound effect on the mid-stratospheric circulation [Manney et al 1994b] , but its effect on the lower stratospheric vortex was transitory, In 1992-1993, strong stratospheric warmings in late February and early March raised lower stratospheric temperatures above the PSC formation threshold [Manney et al. 1994a,c] . The lower stratospheric vortex, however, remained strong through earl y April 1993. Although several other years, including 1989-1990, 1991-1992 and 1993-1994 show relatively strong PV gradients and large vortex areas as late in the season as in 1992-1993, the PV gradients in 1992-1993 appear stronger throughout January and vortex is defined, the 1989-1990 and 1991-1992 winters are slightly longer than that of 1992-1993, while 1983-1984, 1989-1990 and 1992-1993 1991-1992, 1992-1993 and 1993-1994 Arctic winters. They found that the areal extent of higher ozone mixing ratios (values typical of the vortex) at mid-latitudes (=40-60°N) at 465 K was considerably less in 1992-1993 than in either 1991-1992 or 1993-1994 ; it was also less than in 1978 -1979 [Ivlanney et al. 1994a . Largest regions of higher ozone at mid-latitudes were seen in 1978-1979 and 1993-1994 . Higher ozone values outside the vortex may result from horizontal transport, as filaments of material are pulled off the vortex edge region, and/or downward transport. Air motion calculations [Manney et al. 1994b] for January 1993 and January 1994 suggest that: 1) the lower stratospheric vortex in 1993 presented a much stronger barrier to horizontal transport than in 1994, and 2) due to stronger wave activity in early 1994, strong diabatic descent in the lower stratosphere occurred throughout the vortex, and outside the vortex edge, whereas in early 1993 it was confined well within the vortex. Dec 1991. For parcels started at 465 K, Figure 4a shows the latitude dispersion of parcels binned by their initial PV, Fig. 4b shows the average change in potential temperature of . <.
-7-the parcels; Fig. 4C shows the number of parcels from each bin that have crossed into another bin while decreasing their PV value; Fig. 4d shows the number of parcels from each PV bin that have crossed the 1.3 x 10-4 s -1 PV contour while decreasing PV, and (on the low PV side of this contour), the number that ended up in each bin. The diagnostics shown in Fig. 4a-4c are described in more detail by Manney et al. [ 1994b] . Fig. 4d gives a measure of the number of parcels getting out of the vortex. The 1.3 x 10 s -4 -1 Pv contour is used to define the vortex edge since it is near where dispersion drops abruptly in Fig. 4a , and near where there is a minimum in the number of parcels decreasing in PV in Fig, 4c . The dispersion in 1993 is lower overall than in the other two years, indicating less mixing, and drops more abruptly near the vortex edge in 1992 and 1993 than in 1994.
While the overall amount of descent is similar in the three years, the region of strongest Iloidevaux et al, [1994] showed that the anomalously low NH mid-latitude column ozone observed by TOMS [Gleason et al. 1993, Herman and Larko 1994] -1982 1982-1983 1983-1984 12-12---12r ---- Days from 1 December /7,2 9
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